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Introduction

Heights in Europare not asunifiedas3-D coordinateX

A Nationalheightsystemsremainin use(with goodreasor)

A Official realization of the EVRS is based on the UELN f”“i?
A Latest realization EVREFL9 :md
A GNSSasedheightdeterminationin EVREO19requires 5
fitted heightreferencesurface(quasigeoidnodel) to transform =
ETREOxx <> EVRIBxx seamlessly and =
A No such official product so far from EUREF -
-
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Introduction

Working Group

A Established®021throughEUREF Resolutitdo. 1/2021

Goals

A Provide comprehensive and easily accessible information about the national integrated spatial referen:
A Improve interoperability of the national products of the height reference across borders

A Enable seamless GNB&ed height determination, thereby strengthen the importance of the EVRS

A Implement European height reference surface as an official realization of EVRS which is compatible
to the latest realizations of ETRS89 and EVRS (= fulfill EUREF resolutions, e.g. No. 5/2009)

Actions
A CRSEU Reviseddatabasewith enhancednformationon the verticalreference(geoidmodelg
A EHRS_CPNew homogenize@NSS/leveling dataséh current ETRS89/EVRS realization

A BHRS Develop and providgquasigeoid model fitted to ETRS89/EVRS realizations
(cooperation with IAG SC2.4a European Geoid / European Geoid Project)
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Vertical referenceand geoidfor CRSEU

Dec2021:Questionnaireabout integrated spatial
reference(ETRS88alization heights geoidetc.)

Status

A Feedbackrom almostall countries
iIn mainlandEurope

A Datainserted into draft CREUv2 database
(internal at BKG)
A see next slide

Nextsteps

=

' v A
. N A i)
Status 04/2023

Completed questionnaires
[ Done or in progress

[ ] Expected soon

[ ] Expected end of 2022

New vertical reference under

L preparation (~2023)
I No geoid model
I No response

A Resolveminor unclaritieswith dataproviders
A AdaptCRSEUwebsitefor new databasestructure
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The border of Kosovo is used
without prejudice to positions on
status and is in line with UNSC 1244
and the ICJ Opinion on the Kosovo
declaration of independence.
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Vertical referenceand geoidfor CRSEU

PT

Summaryof geoidmodels .,
extractedfrom new CRS
EUdatabase T

PT
RO
RS
SE
S
S
SK

SK

* Federal Agency for
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Geoid name
GeodAz2014 Faial

GeodAz2014 Sao Jorge

GeodPT08

GeodAz2014 Flores

ETRF2000 to Black Sea 1975

SQM2011

SWEN17_RH2000

SLO_VRP2016/Koper

SLO_AMG2000/Trst

DMQSK2014-E

DVRMO5
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Modelo de Geoide

para os Grupos
Oriental e Central da

Modelo de Gedide
para os Grupos

Oriantal & Cantral dAa

Modelo de Geoide
para Portugal
Continantal

Modelo de Geoide

para os Grupos
Oriental e Central da

Serbian Quasigeoid
Model 2011

SLOvenska Visinska
Referencna Ploskev

{Slavanian Heioht

SLOvenski Absolutni
Model Geoida

(Slavanian Ahenliita

Digital model of
quasigeoid
NMOSK?01-F

Digitalny vertikalny

referenény model
(Nigital vertiral

vertical CRS

D96/dAh (geographic

D96/dAh (geographic

w
=}
(@]
Q
(%]

RNGAP heights

Constanta height

SE_AMST2000 / NH
SVS2010/Koper
SVS2000/Trst

EVRF2007_AMST /
NH

Baltsky vySkovy
systém
novvrovnani Rnwv
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EHRS CP GN38&/eling data

EHRS_CP
[ Data already delivered

Dec2021: Calfor GNSSkvelingdata

[ ] Data expected soon
[ ] Data expected for end of 2022

New vertical reference under

[ preparation or inclusion in
UELN is planned (~2023/2024)

Status

A Feedbackrom mostcountries in Central and
Western Europe

A Newor updatedcountries in UELN due the
requestA seeprevioudalk by M. Sacher

A Somecountriesare still workingon updating
their nationalheights

A Consistencghecksandfirst test computations

[ Not in UELN or status is unclear

Data + offset to EVRF2019

- delivered

No new data (result of
[[77] EUVN_DA remains) or data
check is ongoing

B No response
8
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S S
Status 04/2023

Nextste PS The border of Kosovo is used
, . . . without prejudice to positions on
A Continuedatacollection(reminderg status and is in line with UNSC 1244
- . . ) and the ICJ Opinion on the Kosovo
A Tryto resolveinconsistencies declaration of independence.
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EUVNDA (old) vs. EHRS Chréw) GNSSleveling data

. |EUVNDA EHRS CP

Timespan Collected2003 ¢ 2009 Partlynew GNSS
Db { pvéradecadeax observations
Leveliny cor@yearsi
GNSS Unspecifiechational ETRS8 ETRF2000
at observationepoch at observationepoch
A unhomogenized A homogenizedhrough
transformationfrom
national ETRFxx
Leveling EVRF2007 EVRF2019
Uplift model NKG2005LU (2000.0) NKG2016LU (2000.0)
CH:velocities
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Comparisonof first EHRS CRataand EUVNDA dataset(2003 z 2009)

1. Harmonizationof data
A EHRS_Géhly: TransformatiorETRFx® ETRF2000 atbservationepoch if applicable
A Conversiorof ellipsoidalheightsfrom tide-free to zerotide system

2. Comparison®f GNSSEvelingwith geoidmodels

A Gravimetricquasigeoidnodels EGG2015, NKG2015, FAMOS/BSCDaaaM-A-CHgeoidtest area
A Computationof differencesGNS3évelingg geoid

A Deselecbbviousoutliers

A Comparisorof statistics(with andwithout planartrend removed

3. Testdo interpolate correctorsurface
A GRAVSOFT/GEOGR3bBddingbasedon simplecollocation GaussMarkovcovariancenodel
A Similarapproachimplementedby SandeVarblatestingdifferent covariancenodels(global vslocal)
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ComparisonEUVNDA vs. EHREP

with EGG201

*EUVN_DA:
ITwithout
Sicilyand
Sardinia

Federal Agency for
Cartography and Geodesy

L

Iiilll

EUVNDA

o T Toednlon o Tvew Tieda[So

AT +0.038 +0.037 0.035 +0.051 +0.050 0.046
CH 20 +0.017 +0.020 0.034 209 no;,; noy
CZ 22 +0.016 +0.022 0.040 6 nd;, ndy 0.025
DE 85 n®,; nd; 0.030 359 n®; nody 0025
EE 26 no, nody 0.032 11 no, nod; 0014
ES 180 +0.062 +0.060 0.099 53 +0.029 +0.031 0.052
FR 164 no, no; 0.074 462 no) nody) 0.048
GB 181 ndr nodr 0121 240 noér oy 0.063
IT* 72 +0.107 +0.105 0.096 148 +0.079 +0.079 0.070
LT 8 n®d®,; nd; 0.035 242 nd®; nod; 0032
MK 13 +0.021 +0.044 0.083
NO 64 n oy neo; 0.047 3224 naoj no, 0.038
PL 61 +0.057 +0.059 0.030 38 nod, nod; 0016
SE 134 n oy n e, 0.022 185 n oy n e, 0.022
SK 25 +0.046 +0.045 0.028 29 +0.029 +0.025 0.027
TR 11 +0.093 +0.109 0.076

Seepresentation
by M. Sacher



Highlights: Switzerland

with EGG2015

(@ EUVNDA | EHRSCPA )

EUVNDA
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Planartrend i
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Planartrend
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49°

48

47"

46"

D-A-CH quasigeoid

D-A-CHgeoid
modeldomain

Gravitydata
_ afterreductionof
* globalmodeland
» residualterrain

49°

D-A-CHgravity
(extendedgeoid
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Europe
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an Alps ‘Geoid

"= Bundesamt
fir Eich- und
Vermessungswesen

A 4 ]
Landesamt fur Digitalisierung, % ;‘ as LG L Landesamt fir Geoinformation und
Breitband und Vermessung sas Landentwicklung Baden-Wirttemberg

P REPUBLIC OF SLOVENIA

" MINISTRY OF THE ENVIRONMENT
AND SPATIAL PLANNING
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THE SURVEYING AND MAPPING AUTHORITY II KNOWLEDGE CENTER @
OF THE REPUBLIC OF SLOVENIA

&

AUTONOME PROVINCIA

POLITECNICO PROVINZ AUTONOMA
MILANO 1863 BOZEN ' DIBOLZANO
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Switzerland

with EHRS CP

EGG2015 | PA-CH_BK@®\ )

EGG2015

48"

Meanremoved
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Max +16.7 cm

48"

Planartrend
removed
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Max +18.1 cm

% Federal Agency for
Cartography and Geodesy

45°

Frequency (%)

30 IIIIIII

20 —

10
0 —
-0.2 0.0 0.2

ner et al

Height difference (m)

.. Status redortthe EUREF

Frequency (%)

30
20
10

0

-0.2 0.0 0.2
Height difference (m)

D-A-CH_BKG

Meanremoved

- STD 2.6 cm

Min ¢11.2 cm
Max +10.0 cm

Planartrend

- removed

STD 2.6 cm
Min ¢10.6 cm
Max +10.5 cm

% BKG

Wir geben Orientierung. 14



Austria (3 EGG2015 | PA-CH BK®)

with EHRS CP

Residualsafter corrector surface
(2 cm apriori STD, 150 kmmorrelationlength, GaussMarkov covariancanodel)

EGG2015 D-A-CH BKG
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CH/FR/IT

W|th EHRS_CP and EGGZO]. 7 f% . Border connections FR

Residualsafter corrector surface
(2 cm STD, 150 koorr. length,
GaussMarkovcovariancanodel)

4-5 cmsystematidoetween
France an®witzerland

A Heightoffset?

Ca. 20 cnsystematidbetween
Switzerlandand Italy/ Lombardy

A Geoidmodel?
A Heightbias?
A Inconsistentvelocitie®

% Federal Agency for
Cartography and Geodesy

© in EVRF2019

48° - ’ ‘ @ 2022 new | 450
{?’ z} 7 O 2022 deleted

47" - 47°

46" - _ 16"

45° 45°
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FAMOS/BSCD200geoid //FAMC'S

B Co-financed by the European Union

*

ELA Connecting Europe Facility

65

- 5/BKG

LANTMATERIET
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| JiU ] DTU Space

== National Space Institute
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Standard deviation of average gravimetric QGeoid
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ComparisonBaltic Sea
with EHRS_CP ---

EE no, 0.014 +0.001 0.017 11 +0.006 0.013
LT 242 +0.019 0.032 242 +0.015 0.033 242 +0.010 0.028
NO 3224 n &, 0038 3224 nds 0035 1352 n Py 0.025
o 5 o 15 20 25 30° SE 185 n &, 0.022 185 n &, 0.022 173 n &y 0.017
NKG2015 BSCD2000grav N wé;{/ﬁ%
70 F7070 1 Q cm Fo70 4+ 27CM M
65" - 6565" - 6565"
60" -l - 60°60° —l - 60°60° —l
AR AR
GNSS/leveling differences for solution EGG2015 20 0/: . GNSS/leveling differences for solution NKG2015 20 0/: |
" T T T |—m 12:: : " T T T |—m 12:: : " T T T
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Conclusionsand outlook

A CRSEU: Newinformation almostcompleteA Implementation inwebsiteTBD
A EHRS_CP GNB8¢lingdata:
A Improvementover EUVNDAfor manycountries
A National ETRS88alizationsseemfairly consistent(i.e.,meanvalueswithin somecentimeterg
A Reducedystematicsn EVRF2018ver9 t wCHnnnTt oOoD. X L¢X XU
A Furtherimprovementin highmountainsexpectedwith new gravimetricgeoidmodels
A Consistency CH/IT/RB beinvestigated
A Ongoingwvork (more countries, update EVRF202x and fweision

A Longterm action Fitted quasigeoidmodelfor EHRS
A Pragmaticapproach Blendbestavailableregionalgeoidmodels build on tools from BSCD2000

A Challengeorrectorsurface Robusinterpolationwith varyingpoint densityand signato-noiseratio
A Investigationsstarted/ ongoing(BSCD2000, Sandé¢arblg

% I E?rjtegg:ggheyn:zdﬂgeodesy Schwabe, Sacher et al.: Status regortthe EUREF WG EURZRMay 2023 Pagel9 % 9) B KG

Wir geben Orientierung. 1 9






